NRs, the Ag L and Cd Lβ peaks were integrated over a narrow range (55% or the peak area) due to partial superimposition of the respective peaks in the L series. Selected area electron diffraction (SAED) patterns were acquired using a FEI Tecnai F20T TEM (Schottky emitter, 200 kV) at constant camera length with the sample placed at the eucentric height and after carefully focusing the NC images. The camera length was calibrated using a nanocrystalline Au sputtered film on a standard C-covered Cu grid. The elaboration of SAED patterns (beam-stop removal, centering, azimuthal integration and background subtraction) was carried out using PASAD.
and CuCl 2 (0.006 g) were mixed in a 50 mL flask and degassed under vacuum at 130 °C for one hour.
After that the solution was heated up to 300 °C under nitrogen and 1.5 g of TOP was injected into the flask. The temperature was then set to 350 °C and a S:TOP solution (prepared by dissolving 0.06 g of sulfur powder in 1.5 g of TOP) was injected into the flask to start the nucleation of the NCs. The NCs were allowed to grow for 10 minutes, after which the flask was rapidly cooled down to room temperature. After the synthesis, the NCs were washed by repeated precipitation with the addition of methanol and redissolution in toluene. Finally the NCs were dissolved in toluene.
-Synthesis of CdSe NRs. CdO (0.060 g) was mixed with TOPO (3.0 g), ODPA (0.280 g) and HPA (0.110 g) in a 50 mL flask, heated up to 130°C and exposed to vacuum for one hour. Then, under nitrogen, the solution was heated up to 300°C to dissolve the CdO. When the reaction mixture became optically clear and colorless, 1.5 g of TOP was injected into the flask. The temperature was then set to 350 °C and a Se:TOP solution (obtained by dissolving 0.15 g of selenium powder in 1.5 g of TOP) was injected into the flask to start the nucleation of the NCs. The NCs were allowed to grow for 7 minutes, after which the flask was rapidly cooled down to room temperature. The NCs were repeatedly precipitated with methanol and were eventually dissolved in toluene. was mixed with a dispersion of Cu (or Cd)-based NCs in toluene at room temperature under nitrogen.
After one minute the NCs were precipitated and finally redispersed in toluene.
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In the case of Cu 2-x S NRs, we used a Ag/S feed molar ratio equal to 0.25 (the resulting NCs are shown in Figure 1b of the main text) and a Hg/S feed molar ratio of 0.5 (the resulting NCs are shown in Figure   1c of the main text). In experiments involving the core/shell Cu 2-x Se/Cu 2-x S NRs we used a Ag/Se feed ratio of 4 and a Hg/Se feed ratio of 10 for the partial cation exchange (the resulting NCs are shown in Figure 2 of the main text and in Figures S3-S4) , while for the complete cation exchange process we used a Ag/Se feed ratio of 15 and a Hg/Se feed ratio of 20 (the resulting NCs are shown in Figure S6 and S7). In partial cation exchange experiments with gold ions a Au/Se ratio of 5 was used (the resulting NCs are shown in Figure S8 ). For the "inverted" core/shell Cu 2-x S/Cu 2-x Se NRs we used a Ag/Se feed ratio of 2.4 and a Hg/Se feed ratio of 1.2 for the partial cation exchange experiments (the resulting NCs are shown in Figure 4 of the main text). The results of the exchange reactions with core/shell Cu 2-
x Se/Cu 2-x S NRs and "inverted" core/shell Cu 2-x S/Cu 2-x Se NRs have been summarized in Table S1 . As regarding the CE on a mixed population of Cu 2-x S and Cu 2-x Se NCs the Ag/Se feed ratio we used was 1.5 while the Hg/Se one was 0.5 (the resulting NCs are shown in Figure 5 of the main text). In the case of core/shell CdSe/CdS NRs we used a Ag/Se feed ratio equal to 6 (the resulting NCs are shown in Figure S9 ) for partial exchange experiments. Figure S1 . UV-Vis-NIR Absorption spectrum of core/shell Cu 2-x Se/Cu 2-x S NRs dispersed in TCE. The broad absorption peak with its maximum at about 1200 nm is ascribable to a localized surface plasmon resonance arising from the presence of Cu vacancies in the NCs. show that the nanocrystals are structurally defective, as they exhibit zinc-blende stacking faults (ZB SF) and twin boundaries (TB) formed due to the lattice misfit between core and shell materials (some of these defects are indicated in the Figure) . In particular, a continuous shell clearly surrounds the cationexchanged cores, with no cracks formed upon cation diffusion from the NC surface into the cores. In Hg 2+ case, the FFT pattern could not be indexed to any known bulk HgSe or to any alloyed HgSe x S 1-x S12 phase, but rather with the hexagonal CdSe (cadmoselite) structure, in analogy with the XRD data discussed in the main text. In the Ag + -exchanged sample, the FFT of the shell material corresponds to monoclinic Cu2S (low chalcocite), due to a slight oxidation of the shell upon exposure to air. 
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